Thin slices of a wide range of plant tissues developed increased rates of respiration when incubated in aerated distilled water at 26°0 for 24 hr. The increased respiration of slices of the flesh of pumpkin (Oucurbita pepo L.) fruit and celery (Apium graveolens L.) petiole was shown to resemble the induced respimtion of slices of underground storage organs. The increase in respiration rate was largely prevented in pumpkin and celery slices when they were incubated at 2°0, or in the absence of oxygen, or in chloramphenicol, or in 5-fluorouracil. In the same tissues the increased respiration was shown to be accompanied by marked increases in the rates of uptake and oxidation of exogenous glucose and by a lowering of the initial 0 6 /01 ratios.
INTRODUCTION
A gradual rise in the rate of respiration occurs when thin slices of underground storage organs of many plants are incubated at room temperature. In 24 hr the rate of respiration may increase fourfold. The increment of respira ti on rate is called induced respiration and is to be distinguished from any immediate rise in the rate of respiration that may be caused by preparation of the slices. The development of induced respiration is dependent upon the aerobic metabolism of the slices and is accompanied by marked changes in their metabolism. Induced respiration has been reviewed in detail by Laties (1957 Laties ( , 1963 .
The experiments reported in this paper were designed to find out whether the development of induced respiration is uniquely characteristic of slices of underground storage organs. It was found that incubation for 24 hr resulted in marked increases in the rates of oxygen uptake of slices of a wide range of plant tissues. The respiratory behaviour of slices of a few selected tissues, mainly pumpkin flesh and celery petiole, was therefore examined to see whether the increased respiration of these tissues· corresponded to the induced respiration of slices of underground storage organs. Features chosen for comparison included the sensitivity of the development of the increased respiration to low temperature, anaerobiosis, and chloramphenicol, respectively, as these treatments inhibit the development of induced respiration in potato slices (Hackett et al. 1960; Click and Hackett 1963) . 5-Fluorouracil was used in an attempt to see whether the development of the increased respiration was dependent upon RNA synthesis.
The work of Key and Ingle (1964) indicates that 5-fluorouracil inhibits the synthesis of ribosomal and soluble RNA in plant tissues. Although chloramphenicol is known to inhibit protein synthesis in bacteria, its effects on plant cells are not fully understood. Much higher concentrations of chloramphenicol than are effective with bacteria appear to inhibit the synthesis of at least some proteins in plant cells (Parthier, Malaviya, and Mothes 1964; Nood{m and Thimann 1965) . Studies with isolated ribosomes, including some from higher plants, indicate that chloramphenicol inhibits protein synthesis that depends upon 70S ribosomes but not that which depends upon 80S ribosomes (Vazquez 1966) . These observations, together with the effects of chloramphenicol on chloroplast development (Smillie, Evans, and Lyman 1963) and on mitochondria (Huang et al. 1966) , suggest that chloramphenicol may inhibit protein synthesis in chloroplasts and mitochondria but not in the cytoplasm.
Changes in glucose metabolism accompanying the respiratory rise were also studied. In carrot and potato slices the development of induced respiration is accompanied by marked increases in the rates at which exogenous glucose is absorbed and metabolized (Laties 1964) , and by a lowering of the initial C6/C1 ratios (ap Rees and Beevers 1960).
II. MATERIALS AND METHODS

(a ) Materials
Chemicals were obtained as follows: chloramphenicol as micronized powder from Parke, Davis, and Co.; 5-fluorouracil as sodium salt from Hoffman-La Roche and Co.; [1-14C]glucose and [6-14 C]glucose from the Radiochemical Centre, Amersham, England.
The following plant materials were purchased locally: plants of celery (Apium graveolens L.) and fruits of pumpkin (Cucurbita pepo L.), vegetable marrow (Cucurbita pepo L. var medullosa Alef.), choko (Sechium edule Sw.), and avocado (Persea americana Mill.). Leaves of pine (Pinus sp.), stem of ivy (Hedera helix L.), petioles of coral tree (Erythrina sp.), and scapes of Chlorophytum elatum were picked fresh from the garden.
(b) Preparation of Tissue Slices
Cores of diameter 0·9 em were removed from the flesh of ripe fruits of pumpkin, marrow, and choko. Cores of diameter 0·7 em were taken vertically from petioles of celery, and from the cotyledons of avocado seeds obtained from ripe fruits. All cores, and juvenile leaves of pine,mature petioles of coral tree, and scapes of Chlorophytum were sliced horizontally into sections 1 mm thick.
Tissue slices were sampled and incubated as follows. Slices of pumpkin, marrow, choko, celery, and avocado tissue were sampled by counting out uniform disks. Within an experiment, samples of fresh and incubated tissue always contained the same number of disks. Immediately after cutting, the disks were rinsed thoroughly with distilled water and divided into two lots. One lot provided the samples designated "fresh" tissue. The other lot was put into a florence flask (11.) that was filled with water to the bottom of the neck. The disks were kept circulating around the flask throughout the period of incubation by gently bubbling a stream of air through the water. Except where otherwise stated the period of incubation was 24 hr. The water in the flask was changed after 2, 6, 22, and, when appropriate, 30 hr incubation.
Immediately after incubation the disks were rinsed thoroughly in distilled water; these provided the samples designated "incubated" tissue.
A slightly different procedure was used in the experiments with chloramphenicol and 5-fluorouracil. The disks for incubation, usually 10 g, were put in an erlenmeyer flask (11.) in 100 ml of solutions of chloramphenicol or 5-fluorouracil. The flasks were lightly plugged with cotton-wool and shaken on a reciprocal shaker (60 cycles/min, excursion 4 cm) throughout the incubation period. The control samples were treated similarly, except that water or O· 03M potassium phosphate (pH 5·2) was used as a suspending medium. After incubation all disks were thoroughly washed with distilled water before measuring the respiration rate.
Incubation under anaerobic conditions was carried out as follows. Distilled water (100 ml) was boiled in an erlenmeyer flask (11.). The flask was then flushed with nitrogen and made airtight with a rubber bung. When the water had cooled the tissue slices (10 g) were quickly put into the flask. The flask was again flushed with nitrogen and then stoppered. During the incubation the flask was kept airtight and was shaken as described above. Control samples were incubated as described for the experiments with chloramphenicol.
Slices of pine leaf, coral tree petiole, ivy stem, and scape of Chlorophytum were sampled on a basis of fresh weight. Within an experiment all the samples used for respiratory measurements were prepared at the same time. This was done to ensure that samples of fresh and incubated tissue contained the same number of tissue slices. Immediately after the slices had been cut they were thoroughly rinsed, blotted dry, and divided into the requisite number of replicate samples. Half of these samples were used at once as fresh tissue. The remaining samples were then incubated separately. Each sample was suspended in 100 ml of water in an erlenmeyer flask (500 ml). These flasks were lightly plugged with cotton-wool and shaken as described above at a light intensity of 150 f.c. At the end of the incubation period the samples were washed in distilled water and used for measurements of respiration rate.
Unless stated otherwise, all incubations were carried out at 26°C. With the samples of fresh tissue the time between the first cutting of the tissue and the beginning of the measurements of respiration varied from 60 to 120 min according to the experiment. It is emphasized that comparisons between fresh and incubated tissue have been made only within individual experiments and among replicate samples of disks.
(c) Measurement of Gas Exchange Gas exchange was measured manometrically by the direct method at 26°C. Light was excluded from flasks that contained photosynthetic tissue. The slices were suspended in 2·5 ml of O· 03M potassium phosphate at pH 5·2. The number of disks per sample were: pumpkin 15, marrow 15, choko 20, celery 20, and avocado 12. The weights of the samples of the other tissues before incubation were: pine leaf 0·5 g, coral tree petiole 1·0 g, ivy stem 0·5 g, and scape of Chlorophytum 0·9 g. All measurements of rates of gas exchange reported are the means of data from three replicate samples. The rates were determined from measurements made over a period of 90 min.
(d) Experiments with [ 14 0]Gluc08e
The experiments were carried out with fresh and incubated tissue, as defined above. Thirty-five disks of pumpkin flesh or 40 disks of celery petiole were suspended in 3·8 ml of o· 03M potassium phosphate, pH 5·2. [ 14 0]Glucose, 0·2 ml at O· 005M, was added to each sample. The experimental conditions and the methods used in measuring 14 002 production and glucose uptake have been described previously (ap Rees, Blanch, and Davies 1965) . The time between the removal of the disks from the organs and the addition of the [ 14 0]glucose to the samples of fresh tissue was 1 hr. Light was excluded from flasks that contained celery tissue. All data presented represent means of values from three replicate samples. Incubation for 24 hr resulted in marked increases in the rates of oxygen uptake of slices of a wide range of tissues (Table 1 ). The increases were not confined to slices of storage organs. Attempts were made to determine the effect of incubation upon the rates of oxygen uptake of slices of the flesh of pear (Pyrus communis L.), pawpaw (Asimina triloba Dun.), and persimmon (Dwspyros virginiana L.). These attempts were unsuccessful because thin slices of these fruits disintegrated during incubation.
In slices of pumpkin flesh and celery petiole chosen for further study the magnitude and rate of development of the respiratory increment of both tissues varied from plant to plant. With both tissues the increases in the rates of oxygen uptake ranged from 50 to 300% of the rates of freshly cut slices. The time taken to reach the maximum rate varied from 24 to 48 hr. Representative data are shown in Figures 1 and 2 . These figures also show that the increases in the rates of oxygen uptake were accompanied by corresponding increases in the rates of carbon dioxide production.
It is not known whether the ability of pumpkin slices to exhibit an increased rate of respiration on incubation is related to a climacteric iI, the fruit, as a definite climacteric does not appear to have been demonstrated in pumpkin (Biale 1960) . However, in this work pumpkin slices never failed to show increased respiration on incubation; moreover, increases were demonstrated with slices from pumpkins bought in every month of the year. Tissue slices incubated as described in Section II become contaminated with various microorganisms. By working carefully with sterilized equipment, it was possible to cut and incubate pumpkin slices under aseptic conditions. The incubated slices were judged to have been aseptic if they showed no sign of contamination after t i: being kept on Difco Bacto nutrient broth in 1 % agar at 25°0 for 2 weeks. Mter 24 hr incubation, the rate of oxygen uptake of pumpkin slices thus shown to have been aseptic had increased to the same level as that attained by replicate slices incubated in the usual way.
The rise in respiratory rate was largely prevented by incubation at low temperatures and by incubation in the absence of oxygen (Tables 2 and 3) . 
Aqueous solutions of chloramphenicol had no consistent effect on the development of the increased rates of respiration in pumpkin and celery tissue. However, when the chloramphenicol was dissolved in O'03M potassium phosphate, pH 5'2, consistent inhibition was observed (Table 4) . Incubation of the slices in potassium phosphate alone did not affect the rate of development of the increased respiration. In pumpkin disks in which the maximum rate of respiration was almost reached within 24 hr of cutting, chloramphenicol caused a significant inhibition of the development of the increased respiration within that 24 hr. In disks where the maximum rate of respiration was attained more slowly, the inhibitory effect of chloramphenicol was found mainly in the period 24-48 hr after cutting. Similar results were obtained with 5-fluorouracil (Table 5) .
Other experiments showed that chloramphenicol and 5.fluorouracil had no immediate effect upon the oxygen uptake of slices that had been allowed to develop their maximum increase in rate of respiration. Thus samples of appropriately incubated slices of pumpkin and celery placed for 3 hr in chloramphenicol at 0·1 mg/ml or in 5-fluorouracil at 1·0 mg/ml showed the same rates of oxygen uptake as control samples in phosphate. The results of the experiments with [14C]glucose for pumpkin flesh and celery petiole are presented in Tables 6 and 7 respectively. Three features of these results are stressed. Firstly, the development of the increased rates of respiration of both tissues was accompanied by increased rates of glucose uptake. Secondly, there was a very large increase in the rate at which the tissues oxidized exogenous glucose. This increase in the rate of oxidation was greater than the increases in the rates of either respiration or glucose uptake_ Finally, the initial C6/C1 ratios of the incubated tissues were lower than those of comparable fresh tissues_ These results show that slices of underground storage organs are not unique in their ability to develop increased rates of respiration on incubation_ This property is shared by slices of a number of mature tissues and organs_ Respiration rates do not always increase when slices of plant tissues are incubated_ No increases were found with slices of apple fruit (Hackney 1945) , canteloupe (Oucumis melo L_) flesh (McGlasson and Pratt 1964) , or with segments of pea epicotyl (Palmer and Loughman 1964) . The studies with canteloupe are of interest because the data in Table 1 show that increases in the rates of oxygen uptake occurred in slices of the flesh of three other members of the Cucurbitaceae. McGlasson and Pratt measured only carbon dioxide production and taken alone such data may be misleading because marked changes in respiratory quotient could conceivably have occurred during the incubation of canteloupe tissue.
Incubation of slices of pumpkin flesh and celery petiole has been shown to lead to increases in rates of oxygen uptake and carbon dioxide production that are similar to those reported for slices of underground storage organs. The behaviour of aseptic cally incubated slices of pumpkin makes it unlikely that the increased rate of respiration of this tissue was due to microbial contamination. It is also unlikely that such contamination accounted for the increased rate of respiration of the celery slices because an increase occurred even when the slices were incubated in chloramphenicol at 0·01 gil (Table 4 ).
The data presented in this paper show that the development of the increased rates of respiration of pumpkin and celery slices is similar to the development of induced respiration in slices of underground storage organs in respect to sensitivity to low temperature, anaerobiosis, and chloramphenicol. In addition the changes in glucose metabolism that accompany the increased rates of respiration in pumpkin and celery slices have been shown to be similar to those reported for slices of carrot and potato (ap Rees and Beevers 1960; Laties 1964) . Present knowledge of the action of chloramphenicol and 5-fluorouracil upon plant metabolism is insufficient to reveal how these compounds affected the development of the increased rates of respiration in pumpkin and celery slices. Click and Hackett (1963) have presented compelling evidence that the development of induced respiration in slices of potato is dependent upon the synthesis of RNA and protein. Thus the effects of chloramphenicol and 5-fluorouracil on pumpkin and celery slices may reflect at least a partial dependence of the development of the increased rates of respiration upon the synthesis of RNA and protein.
The similarities between the respiratory behaviour of slices of pumpkin flesh and celery petiole, on the one hand, and slices of underground storage organs, on the other, appear to be no less than the similarities that have been observed between carrot and potato slices. Thus it can be argued that slices of pumpkin flesh and celery petiole develop an induced respiration. Whether the increases in oxygen uptake of all the tissues listed in Table 1 
